Effects of P38MAPK on hydrocephalus and AQP4 expression in rats by 李张昱
  
校编码：10384                           分类号________密级__________ 
学号：24520141153538                                     UDC________ 
 
 
 硕 士 学 位 论 文  
P38MAPK 对大鼠脑积水及 AQP4 表达的影响 
Effects of P38MAPK on hydrocephalus and AQP4 





论文提交日期：2017 年 4月 
论文答辩时间：2017 年 5月 
学位授予日期：2017 年 6月 
答辩委员会主席：__________ 
评    阅    人：__________ 



























































































另外，该学位论文为（          ）课题（组）的研究成果，获
得 （       ） 课 题 （ 组 ） 经 费 或 实 验 室 的 资 助 ， 在



























（       ）1.经厦门大学保密委员会审查核定的保密学位论文，
于  年 月 日解密，解密后适用上述授权。 






声明人（签名）：           





















mitogen-activated protein kinase，P38 MAPK）是体内信号传递的交汇点，在多种
神经系统疾病的病理生理中发挥重要作用，本研究主要就 P38 MAPK 是否通过
上调 AQP4 进而延缓脑积水对中枢神经系统的损伤展开探索。 
目的：观察大鼠脑积水后脑组织 P38 MAPK 及 AQP4 的表达变化，探讨 P38 
MAPK 对 AQP4 及脑积水的调控作用。 
方法：成年健康 SPF 级雄性 SD 大鼠 50 只，体重 240g～260g，随机分为 3
组：假手术组（Sham 组）10 只、脑积水溶媒组（DMSO 组）20 只，脑积水 SB203580
抑制组（SB 组）20 只；脑积水各组均采用侧脑室注射高岭土混悬液法制备交通
性脑积水模型，Sham 组注射等量生理盐水；建模后第 8 天 SB 组与 DMSO 组予
腹腔分别注射 P38 MAPK 特异性抑制剂 SB203580（10mg/kg）和等量溶剂 DMSO
稀释液，连续注射 7 天，Sham 组不做任何处理；观察大鼠体重、行为等改变。2
周行后头部核磁共振（MRI）检查，处死大鼠测量脑组织含水量并收集脑脊液行
ELISA 检测炎症因子 TNF-α 水平，取室周区域脑组织标本行 RT-PCR、Western 
Blot 及免疫组织化学染色检测 AQP4 及磷酸化 P38 MAPK 的表达水平。 
结果： 
（1）影像学及脑组织含水量等结果：造模后 2 周，与 Sham 组相比，DMSO
组及 SB 组体重减轻，侧脑室体积增大，室周组织出现水肿，EVAN’S 指数升
高，脑组织含水量增多(P<0.05)；与 DMSO 组对比，SB 组上述表现更加严重
(P<0.05)；  
（2）脑脊液 ELISA 检测：与 Sham 组相比，DMSO 组及 SB 组脑脊液 TNF-α
















（3） 脑组织 RT-PCR 检测： DMSO 组及 SB 组 TNF-α mRNA 水平较 Sham
组高，但 SB 组较 DMSO 组低(P<0.05)；DMSO 组 AQP4 mRNA 水平较 Sham 组
和 SB 组高(P<0.05)，而 SB 组与 Sham 间表达无差异(P>0.05)；相关性分析结果
显示 DMSO 组 AQP4 mRNA 与 TNF-α mRNA 呈正线性相关，Pearson 积矩相关
系数 R=0.5106(P<0.05)；SB 组两者无相关性(P>0.05)； 
（4）Western Blot 检测：与 Sham 组相比，各脑积水组 AQP4 表达水平皆增
高，但 SB 组 AQP4 表达低于 DMSO 组(P<0.05)；与 Sham 组和 SB 组相比，DMSO
组 P-P38 MAPK 表达水平增高 (P<0.05)，Sham 组与 SB 组表达无差异(P>0.05)； 
（5）免疫组化结果显示：各脑积水组 AQP4 和 P-P38 MAPK 在室周组织皆
呈现高表达，但 SB 组 AQP4、P-P38 MAPK 表达较 DMSO 组减弱，其中 P-P38 





（2）P38 MAPK 信号通路调控了大鼠脑积水时 AQP4 的反应性高表达，从
而间接发挥拮抗脑积水的作用，此机制可被 SB203580 所抑制； 
（3）脑积水时 TNF-α 与 AQP4 的表达具有相关性，TNF-α 作为上游因子参
与 P38 MAPK 信号通路的激活，而不作为下游因子反映脑积水的严重程度。 


















Communicating hydrocephalus is a central nervous system disease secondary to 
numerous diseases such as brain tumors, cerebral hemorrhage, brain trauma and 
intracranial infection. At present, the main therapeutic means is ventriculo-peritoneal shunt but 
there are still many complications such as occlusion and infection. Many studies have 
suggested that the increased reactivity of aquaporin 4 (AQP4) may be related to the 
course of hydrocephalus. And AQP4, to some extent, may antagonize the development 
of hydrocephalus. But the specific regulation mechanism remains unclear. P38 
mitogen-activated protein kinase (P38 MAPK) is the intersection of signal 
transduction in vivo, which plays an important role in the pathophysiology process of 
many neurological diseases. This study mainly focuses on the regulation mechanism 
of P38 MAPK, which may up-regulate the expression of AQP4 and then reduce the  
injury of the central nervous system in hydrocephalus. 
Objective: To observe the expression of P38 MAPK and AQP4 in brain tissue of rats 
with hydrocephalus, and explore the regulation mechanism of P38 MAPK on AQP4 
and hydrocephalus. 
Methods: Fifty adult SD rats were randomly divided into 3 groups: sham group 
(Sham group, n=10), hydrocephalus group (DMSO group, n=20), hydrocephalus 
group with SB203580 (SB group). Intracerebroventricular injection of kaolin to 
induce the hydrocephalus models in DMSO group and SB group, and Sham group 
was injected with saline. On the 8th day after operation, the SB group was injected 
intraperitoneally with P38 MAPK specific inhibitor SB203580 (10mg / kg) and the 
DMSO group was injected with DMSO dilution only while the Sham group does not 
do any processing. Continuous injection for 7 days, the rats were observed with body 
weight and act. Two weeks after operation, head nuclear magnetic resonance (MRI) 
examination was performed. The levels of TNF-α were detected by ELISA and the 
brain water content was measured after rats had been executed. The periventricular brain 
tissue samples were examined by RT-PCR, Western Blot and immunohistochemical 
staining to measure the expression of AQP4 and phosphorylated P38 MAPK. 
Result: 
(1) Compared with Sham group, the body weight of DMSO group and SB group was 
increased, and the same performance about volume of lateral ventricle, ventricular 















DMSO group, SB group was more severe (P <0.05). 
(2) Compared with Sham group, the content of TNF-α in cerebrospinal fluid of 
DMSO group and SB group was significantly higher (P <0.05). Compared with 
DMSO group, this performance was suppressed. 
(3) The relative expression of TNF-α mRNA in DMSO group and SB group was 
higher than that in Sham group, but lower in SB group compared with DMSO group 
(P <0.05). The level of AQP4 mRNA in DMSO group was higher than that in Sham 
group and SB group (P <0.05), and there was no significant difference between the 
SB group and the Sham group (P> 0.05). The correlation analysis showed that AQP4 
mRNA was positively correlated with TNF-α mRNA in DMSO group, Pearson 
product correlation coefficient R = 0.5106 (P <0.05); in SB group there is no 
correlation (P> 0.05). 
(4) The expression of AQP4 in hydrocephalus rats was significantly higher than that 
in Sham group, but expression of AQP4 in SB group was lower than that in DMSO 
group(P <0.05). Compared with DMSO group, the expression of P-P38 MAPK in 
Sham group and SB group was lower(P <0.05), and there was no significant 
difference of the expression of P-P38 MAPK between the Sham group and the SB 
group (P> 0.05).  
(5) Immunohistochemical results showed that the expression of AQP4 and P-P38 
MAPK in the hydrocephalus rats was significantly higher than that in Sham group (P 
<0.05), and the expression of AQP4 in SB group was lower than that in DMSO group. 
The P-P38 MAPK in SB group was almost no expression, while SB group showed 
that cell gap was increased with glial cell edema. 
Iin conclusion:  
(1) High expression of AQP4 can delay the process of hydrocephalus, reduce 
hydrocephalus edema and act as the protective protein in hydrocephalus; 
(2) P38 MAPK signal pathway, is involved in the high expression of AQP4 in rat 
hydrocephalus, which plays an important role in antagonizing hydrocephalus. This 
mechanism can be inhibited by SB203580. 
(3) TNF-α was associated with the expression of AQP4 in hydrocephalus. TNF-α was 
involved in the regulation of P38 MAPK signal pathway as an upstream factor and 
does not reflect the severity of hydrocephalus as a downstream factor 
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水的进程，而其中如 P38 MAPK 信号通路在脑损伤、脑出血等因素引起的脑水
肿的病理表现中的作用已经被大量证实
[10]

































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
